Background: Early surgical results of anterior sphincter repair for faecal incontinence can be good, but in the longer term are often disappointing. This study aimed to determine the short and long term outcomes from anterior sphincter repair and identify factors predictive of long term success.
Background
Faecal incontinence can result from disruption to the anal sphincter muscles; this can be due to traumatic, surgical or obstetric causes [1] . Anterior sphincter repair (ASR), or sphincteroplasty, remains a common surgical procedure for treatment of faecal incontinence in the presence of a defect in the external anal sphincter (EAS) muscle. The results of ASR are often good in the early post operative period, but in the longer term results are more disappointing [2] .
The majority of patients undergoing ASR are female, and have incurred obstetric injury to the sphincters at the time of vaginal delivery [3] . Delayed repair is frequently performed because of unrecognized injury at the time of childbirth or failure of primary repair. A number of studies have looked into the functional outcome following overlapping sphincteroplasty with most studies reporting an early success rate between 70 and 90% [4, 5] .
It is known that neuropathic damage to the anal sphincter can occur in association with obstetric disruption and that faecal incontinence in these cases is often more insidious in its onset [6] . Pudendal neuropathy has been reported as a predictor of failure following sphincteroplasty [7, 8] .
Other studies have failed to identify any relationship and concluded that repair of anatomical sphincter defects should still be considered in the presence of pudendal neuropathy [9, 10] . Most studies reported a good short term outcome of sphincteroplasty and that success rates appeared lower in studies that had a longer period of follow up. Recently Malouf et al [11] and Halverson and Hull [2] published results of sphincteroplasty at five years following surgery and found that only half of patients were continent to stool.
Previous studies have looked for predictive measures of successful outcome following ASR, but no consistent factors have been identified [2, 12] . Comparison of previous studies is difficult as there is no uniform method of assessment for postoperative outcome or success.
The aims of this study were to determine short and long term outcomes in patients requiring ASR using validated scoring systems and identify any factors predictive of successful long term outcome.
Methods
All patients that had undergone ASR at South Manchester University Hospitals NHS Trust were identified from hospital records. The selection of patients with faecal incontinence for ASR was based on the history of a potential mechanism of injury and examination findings of a defect in the EAS. Sphincter defects were identified by digital examination or by endoanal ultrasound, which was introduced to the department in 1996 as part of routine preoperative assessment.
Operative technique
Patients underwent full bowel preparation with Sodium Picosulphate and received thromboembolic prophylaxis (thromboembolic deterrent stockings and low molecular weight heparin) the day prior to surgery. A single dose of Cefuroxime and Metronidazole was given at induction of anaesthesia. The patients were placed in the lithotomy position. A transverse curvilinear incision was then made in the perineum and the vaginal wall dissected to the recto-vaginal septum. This dissection was then continued following the rectal border laterally to identify the levator ani muscles on either side. The anal mucosa was dissected from the remains of the anal canal musculature to the level of the pelvic floor. The intersphincteric plane was dissected enabling repair of the internal anal sphincter if required. A levatoroplasty was then performed with the aim being to lengthen the anal canal by effectively carrying out a posterior colporrhaphy. Interrupted absorbable sutures were used to draw together the fascia over pubovaginalis from either side over a length of some 5 cm. The repair continued to the external anal sphincter where an overlapping sphincteroplasty was performed. The wound was closed longitudinally leaving a small gap for drainage. A urinary catheter was placed at the end of the procedure and removed within 48 hours.
Clinical result
The clinical outcomes were determined from hospital records and postal questionnaires sent to all patients at the time of the study. Hospital notes were reviewed to obtain demographic details, co-morbidity, clinical findings, operative procedure and postoperative details. Preoperative anal manometry, endoanal ultrasound, pudendal nerve terminal motor latency (PNTML) and rectal sensitivity parameters were also recorded. Anal manometry measured maximal resting pressure (MRP), maximal voluntary contraction (MVC) and maximal squeeze pressure (MSP). MSP was calculated by subtracting MRP from MVC. The postal questionnaire was divided into two sections, one recording symptom severity and quality of life scores prior to surgery, the other section after ASR. Non-responders were sent a further set of questionnaires at the postal address known to the hospital. Long term outcomes were determined after 5 years of follow up.
Questionnaires
Each section (pre-and post-operative) of the questionnaire was colour co-ordinated to aid interpretation and each section had three elements.
1. The St. Mark's scoring system [13] assessed the degree of faecal incontinence based on the type of incontinence (flatus, liquid and solid) and the use of constipating agents and pads. It consists of seven questions and is scored from of zero to 24, zero representing total continence and 24 total incontinence. [14] is a validated quality of life questionnaire specific for faecal incontinence. It covers aspects of lifestyle including general health, incontinence impact, physical limitations, social limitations, emotions and personal relationships. It is scored over 31 questions each with five answer options ranging from never to always. The values are then converted into a percentage score.
The Manchester Health Questionnaire
3. Also included was a numerical linear patient assessment score of faecal incontinence in which patients were asked to mark on a scale of one to 10 (one totally incontinent, 10 total continence) their perceived level of continence both before and after surgery.
Two additional questions were asked in the postoperative section of the questionnaire. Patients were asked to select one of four categories relating to symptom improvement after surgery -improved, initially improved then deteriorated, same or worse. The second question asked was: "Would they recommend the operation to a friend with faecal incontinence?" Postoperative outcome scores were compared with preoperative physiological parameters. Endoanal ultrasound was included as part of preoperative assessment from 1996; these results were compared from that time.
Statistical analysis
Questionnaire responses were analysed using the paired T test, Wilcoxon Signed Rank test, and Mann-Whitney U test. Categorical data was analysed using the Chi Squared test. Results were considered significant at the p ≤ 0.05 level.
Results
Over a 12 year period (1989-2001) 85 anterior sphincter repairs were carried out by one consultant surgeon. Eighty-two patients were female. The median age at the time of surgery was 46 years (range 22-80 years). The duration of symptoms at the time of surgery was a median of four years (range 1-40 years).
Any potential mechanism of sphincter injury was recorded from hospital notes. Of the 82 women in this group an obstetric cause (tear or episiotomy) was recorded in 59 (72%) cases. Other possible mechanisms recorded were; abscess or fistula; haemorrhoid or fissure surgery; imperforate anus reconstruction. Six (7%) patients had more than one mechanism recorded, and 18 (22%) patients had no recorded mechanism in the notes. Thirty-two (39%) patients had previously undergone surgical repair of the anal canal or pelvic floor.
Anorectal physiology studies were recorded in 79 (91%) of patients. A normal PNTML (≤ 2.2 ms) was measured in 48 patients (61%), 17 (22%) had a unilateral neuropathy and nine (11%) had bilateral neuropathy. Five (6%) patients had no recorded values due to either pain or no elicited response.
The length of stay postoperatively was a median of seven days (range 2-33 days). There was no reported post-operative mortality. Morbidity was recorded in the early postoperative period in 23 (27%) patients (table 1). The most common complication was a wound infection, which occurred in 11(13%) patients, three of whom were diagnosed as having wound infections after discharge from hospital.
Only two (2%) patients had covering colostomies at the time of sphincter repair, both of which were subsequently reversed successfully. Fifteen patients (18%) have since required further surgery: a colostomy was formed in five patients (6%), four (5%) underwent corrective surgery for scar tissue to the anal canal or vagina, four (5%) required prolapse surgery, either a Delorme's procedure or a rectopexy, and two (2%) underwent subsequent post anal repair.
Six patients (7%) were deceased at the time of the study having died from unrelated causes. Questionnaires were sent to 79 patients at the addresses known to the hospital. Overall the response rate was 59% (47/79). This group that responded did not include any male patients. The non-responders were similar in age (median age 51 years) to the responders (46 years) and the referral pattern was also similar (tertiary referrals rates 66% vs 60% respectively).
Early results revealed that 45 (96%) responders indicated that their symptoms were initially improved following surgery. When we assessed the long term outcome (≥ 5 years, range 5-12 years) of ASR, patients scored symptom improvement into one of four categories (table 2) . Twenty-eight (60%) responders followed up long term still reported improvement of symptoms. No responders felt that their symptoms were worse following surgery.
There was a significant improvement in the median linear patient assessment score comparing pre-operative with post-operative scores (3.5 (range 1-8) vs 7.0 (range 1-10) respectively, P < 0.001). The median St Mark's continence scores were significantly improved following surgery (14.0 (range 4-21) vs 11.0 (range 0-24) respectively, p = 0.004). Although two patients ranked themselves as totally continent (10/10) on the linear patient assessment score, they still scored 8 and 12 on the St Mark's continence score. Only one patient scored zero on the St Mark's continence score post surgery, their linear patient score was 9/10.
In addition, there was significant improvement in quality of life scores post-operatively measured by the Manchester Health Questionnaire (P < 0.001). Improvement in the St Mark's score and the linear assessment correlated with patient reported outcome score (Spearman 0.427, p = 0.01). Three patients who reported improvement following surgery had deterioration of continence scores, and one patient who felt that their symptoms had not changed following surgery had improvement of continence scores.
Patients were asked if they would recommend an ASR to a friend. Twenty-five (54%) responders would recommend it to a friend, 16(35%) would maybe recommend it, and 5(11%) would not recommend surgery. All the responders who had improved following surgery would recommend ASR to a friend.
Of those patients who returned completed questionnaires 37 (79%) reported obstetric injuries. Twenty-two (61%) of these reported long-term improvement following ASR as compared to 60% of all responders (p = 0.472). There was no significant difference between obstetric and nonobstetric patients with regard to anorectal physiology investigations, age at time of surgery and duration of symptoms of faecal incontinence. Anorectal physiology tests had no predictive value; resting pressure (p = 0.734), squeeze pressure (p = 0.659) and rectal sensitivity (p > 0.198). There was no predictive correlation in surgical outcome between responders who had a pudendal neuropathy (unilateral or bilateral) and those who had normal PNTML measurements (p = 0.784).
Thirteen women did not undergo endoanal ultrasound as it was only introduced to the unit in 1996. Of 34 women in whom endoanal ultrasound was performed, 13 (38%) patients had defects in the external anal sphincter, 5 (15%) in the internal anal sphincter and 12 (35%) in both sphincters. Four (12%) patients had intact, but thin sphincters. There was no difference in outcome following surgery since the introduction of endoanal ultrasound (p = 0.76). Patients undergoing sphincter repair had an improved outcome if they had a defect in both sphincters, as opposed to just an external sphincter defect (p = 0.001), though the numbers are small (n = 12 and n = 13 respectively).
Three patients (6%) who returned the questionnaires had undergone previous anterior sphincter repair at other hospitals. Two patients from this group reported continued improvement in symptoms and though one initially improved, her clinical outcome has since deteriorated.
Twelve patients (14%) had repeat manometry following the ASR and of these 80% had reported improvement in symptoms. There was no difference between MRP or MSP pre-and post-surgery (50. 
Discussion and conclusion
Anal sphincter defects are a common cause of faecal incontinence, with obstetric injuries in female patients accounting for the majority [15] . The results from previous studies [4, 5] show that early postoperative success is achieved in 70-90% of cases. Longer term results have showed lower success rates [2, 11] . It remains unclear why we see a time related deterioration in clinical outcome after an initially successful sphincteroplasty. The true extent of the injury, as detected by endoanal ultrasound and more recently magnetic resonance imaging, may not be appreciated at the time of sphincteroplasty. Occult coexistent anatomical defects of the pelvic floor may contribute to poor long term outcome [16, 17] . Ageing, with resulting atrophy of striated muscle, may also play a part [18] . Furthermore overzealous repairs may actually denervate or devascularise the EAS with subsequent poor outcome.
The questionnaire response rate for the study is disappointing. We report on a single surgeon's tertiary referral practice from three regions. It should be recognised that on re-contacting patients, following discharge from our care, their correspondence addresses may have changed. We can only speculate as to whether the non-responders had positive or negative results from their surgery.
In this study, 96% of patients reported an excellent initial improvement in symptoms. Of the 47 patients assessed long term (≥ 5 years), 28 (60%) maintained a good outcome. All patients underwent a standardised surgical repair and there was no difference between any subgroups of patients, yet for 40% of patients a long term successful outcome was not achieved.
There is no correlation between preoperative anorectal physiology investigations and successful outcome. However, in the five patients who went on to have colostomies fashioned following failed ASR surgery, a trend towards lower preoperative resting and voluntary contraction pressures was noted.
Previous studies looking at anorectal manometry investigations have reported conflicting results [19, 20] following anterior sphincter repairs, however most studies report improvement in manometry in successful patients. Interestingly postoperative anorectal physiology in our patients revealed no improvement in resting or voluntary contraction pressures. Repairing the sphincter defect does not appear to alter the function of the striated EAS. Surgery may however have a stenosing effect and alter the compliance and length of the anal canal thus contributing to improved anal continence. Patients undergoing sphincter repair had an improved outcome success if they had a defect in both sphincters, internal and external as opposed to just an external sphincter defect (p = 0.001), the numbers however are small.
The St Mark's scores suggested that complete continence, and therefore cure, was not being achieved, however significant improvements in quality of life were demonstrated.
In this study group 32% of patients had unilateral or bilateral pudendal neuropathy diagnosed by PNTML measurement. This incidence is similar to that of a larger unselected group of 2067 patients previously published by our group [21] .
Our study, like others [22] has shown that the long term outcome of sphincteroplasty does not appear to be affected by pudendal neuropathy determined by PNTML measurement. In light of this we propose that sphincteroplasty should be performed for sphincter defects despite the presence of pudendal neuropathy.
Changes in shape, length or distensibility of the sphincter may be occurring. At our unit a levatoroplasty is routinely performed. Anal sphincter repair and levatoroplasty may promote the formation of scar tissue promoting a more rigid, less distensible anal canal. These changes may be responsible for the improvement in symptoms reported.
Anterior sphincter repair with levatoroplasty is successful in improving symptoms of faecal incontinence. Even if all the non-responders had a poor result then for one third of patients this procedure remains worthwhile in the long term. 
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